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ELECTROCHEMICAL  POLARIZAT ION.  
Bv C. J. REED. 
If the conceptions of different individuals are indicated 
by the definitions they give of a phenomenon, it must be 
admitted that there is not at the present time any very 
definite conception of electrochemical polarization. 
Before discussing the phenomenon of polarization itself, 
it will be interesting to consider a few of the definitions 
given by various authorities. 
Wetham defines it as "A  peculiar condition of plat inum 
plates." According to this definition it would not be diffi- 
cult to avoid polarization in a galvanic battery, as it would 
only be necessary to avoid plat inum plates. 
Neuman defines it as " Increased resistance of the cell 
and consequent failing off of the current." According to 
this view, polarization could be avoided whether the plates 
be of plat inum or not, by merely increasing the surface of 
the plates and reducing the distance between them. 
McMillan says, " Polarization is hydrogen films on the 
surface of the negative strip." 
Park Benjamin says, " Polarization is a condition due to 
the formation of a body, most commonly hydrogen, by 
electrochemical decomposit ion upon the negative electrode, 
whereby a current in opposite direction to the normal cur- 
rent of the cell is produced, and through which the normal 
current may be greatly weakened. To remove this body by  
any suitable means, chemical or mechanical, is termed 
'depolarizing;' and if a chemical agent is employed for the 
purpose, it is called a 'depolarizer. '" 
Neuberger  says, " By polarization is meant any phe- 
nomenon, or the sum of all phenomena, which require an 
increase of voltage during electrolysis. These phenomena~ 
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are (a) deposition of gases at the electrodes whereby the 
gases cause an opposite current through the electrolyte; 
(b) the resistance of very dense layers of gas between poles 
and electrolyte ;.(c) changes of concentration i the electro- 
lyte; (d) changes of temperature." 
Grawinkel and Strecker define it as follows: " I f  the 
condition of the electrolyte or of the electrode is changed, an 
deetromot ive force is produced in the electrolytic ell at 
the electrodes, counteracting the external electromotive 
force and, therefore, diminishing the current. This phe- 
nomenon is called polarization, and the electromotive force 
produced in the cell is called the electromotive force of 
polarization or the counter-electromotive force. 
The following is given by Prof. Houston : "  The collec- 
tion of a gas, generally hydrogen, on the surface of the 
negative element of a voltaic cell." "The  collection of a 
positive substance like hydrogen on the negative element 
or plate of a voltaic cell sets up a counter-electromotive 
force, which tends to produce a current in the opposite 
,direction to that produced by the cell. 
"Polarization causes a decrease in the normal current of 
a cell : 
"( i )  On account of the increased resistance of the cell 
,from the bubbles of gas which form part of its circuit. 
"(2) On account of the counter-electromotive force pro- 
duced by polarization. 
"There  are three ways in which the ill-effects of polar- 
ization of voltaic cell can be avoided. 
"(i) J/irec/~aMcaL--The negative plate is furnished with a 
roughened surface, which enables the bubbles of gas to 
escape from the points on'such surface ; or a stream of gas 
or air is blown through the liquid against he plate and thus 
mechanically brushes the bubbles off. 
"(2) C/zemical.--The surface of the negative is sur- 
rounded by some powerful oxidizing substance such as 
H2CrO4 or HNOa, which is capable of oxidizing the hydrogen 
and thus thoroughly removing it from the plate. 
" (3) Electra-CllemicaL--The n gative lement is immersed 
5n a solution of a salt of the same metal as that forming 
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the negative plate. Thus a copper plate in copper sulphate 
cannot be polarized, since metall ic copper is deposited on 
its surface by the action of the hydrogen which tends to be 
liberated." 
We ~ee from these definitions that polarization is a con- 
dition, a substance, a resistance, an increase of resistance, 
an electromotive force, a counter-electromotive force, au 
obstructing body, a film of hydrogen, a gas, a collection of 
positive substances, bubbles of gas, the resistance of a 
dense layer of gas, a change of concentration, a change of 
temperature, a current opposing a normal current, the coun- 
teracting or diminishing of an external current, a decrease 
in a normal current, or the sum of all these things or phe- 
nomena. 
Most authors discuss polarization without at tempt ing to 
define it. This is fortunate. Otherwise we should prob- 
ably be obliged to select our definition from a much larger 
assortment of material and immaterial  than that given 
above. 
It is evident that different persons have had different 
things or phenomena in view when they defined polariza- 
tion. Some, for example, evidently have had the ammeter 
in view and noticed a diminution of electric current ; others 
have had a voltmeter in view and noted a change in poten- 
tial difference; others have had the negative electrode in 
view and saw bubbles of gas rising from it; while some 
have had a thermometer o hydrometer in view and noted a 
change of temperature or concentration. Some have evi- 
dently had in view a galvanic battery evolving electrical 
energy, while others had in view an electrochemical cell 
absorbing energy. 
It is quite apparent hat at least a part of the confusion 
manifested in the above definitions is due to mistaking • 
coincidence for cause and to the fact that theoretical 
assumption has been more convenient han the ascertain- 
ing of facts. 
It is plain, from the definitions quoted above, that polari- 
zation is a phenomenon and not a substance. It is also 
evidently a phenomenon accompanying some kind of 
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change in  the condit ion of an electrochemical cell. An 
examination of the facts shows that this change of condi- 
tion is invariably the result of a single cause. This  cause 
is the passage of an electric current through the cell and 
not the formation of hydrogen or of any other substance. 
Polarization ever occurs, except as a result of the passage 
of current, and there is no electrochemical cell in which the 
passage of a current does not tend to produce this changed 
condition, with which so many have struggled in attempts 
to frame a definition. The  action of the current itself is 
always the cause of the changed condition, and the result 
of the passage of a current is always a change in the poten- 
tial difference at the terminals of the electrochemical sys- 
tem during the passage of the current. This  change in the 
potential  difference is f requent ly in the direction opposed 
to the current flowing, but not always. The  evolution of 
hydrogen and other substances at the cathode sometimes 
occurs s imultaneously with polarization, but not always. 
Whether  these substances are l iberated or not depends 
al together on the nature of the electrochemical  reagents 
used, the speed of electrochemical reaction, the presence of 
reactions not electrochemical, the temperature and other 
conditions. 
Faraday establ ished the fact, and it has been verified 
many times since, that the passage of an electric current  
through an electrochemical cell is accompanied by electro- 
chemical changes in the cell which are proport ional to the 
quant i ty  of electricity that  passes. The  inevitable ffect of 
a current must be, therefore, to exhaust  or destroy the 
chemical condition or composit ion of the cell as it was 
original ly composed, and to produce a celt of different com- 
posit ion having different electromotive forces, resistances 
or concentrations. An apparent exception to this state- 
ment is found in the case of a cell in which the substances 
destroyed by electrochemical ction at one electrode are 
produced at the other, and in which these substances are 
rapidly transported by some means from one electrode to 
the other. _And it is only in such cases that there is appar- 
ently no polarization. 
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There is an int imate connection between the progressive 
electrochemical changes in a cell and its progressive polari- 
zation, which demonstrat ively points to the conclusion that 
polarization is most correctly defined as a ?rogressive change 
in the composition and electronwtive force of  an electroc/¢emical 
system necessitated by the flro~ressiz'e .tkaustion of  one or more 
o f  the electrochemical reagents. 
All of the so-ca!led phenomena of polarization are merely 
phenomena due to electrochemical exhaustion; that is, 
phenomena due to the change or substitution of a new 
electrochemical system for a preceding one. 
To make this proposition clear by an illustration, certain 
electrochemical systems in action evolve hydrogen gas at 
the cathode; others do not. If the passage of an electric 
current through a system in which hydrogen is not evolved 
causes chemical changes which progressively convert the 
system into one evolving hydrogen, the ult imate result 
must  be the evolution of hydrogen gas at the cathode. 
In such a case the hydrogen should not be assumed to be 
the cause of polarization. It is the progressive polariza- 
tion or exhaustion of the original electrochemical sys- 
tem which converts it into a new system, and ohe of the 
products of electrochemical change in this new system is 
hydrogen. In other words, it is polarization that causes 
the hydrogen, instead of hyJrogen causing the polarization 
or being the polarization. 
The evidence in support of these conclusions becomes 
manifest when we examine carefully the int imate relation 
existing between the energy evolved or absorbed in electro- 
chemical reactions and the phenomena of polarization. 
Electrochemical cells may be conveniently divided with 
reference to the energy of their electrochemical reactions 
into two classes--symmetrical and asymmetrical. 
Symmetrical  cells are those in which, when a current 
passes in either direction, the sum of tl~e electrochemical 
reactions is zero and there is neither chemical nor electrical 
energy generated at the terminals of the cell by electro- 
chemical action. Or, we may say, the quant i ty  of electrical 
energy converted into chemical energy at one electrode is 
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equal to the quant i ty  of chemical energy converted into 
electrical energy at the other electrode. 
An aqueous olution, F@ z, of copper sulphate (of which 
the density is maintained in a uniform condition by rapid 
stirring) containing two copper electrodes, constitutes such 
a cell. The passage of a current in either direction causes 
copper to dissolve at the anode and an equal amount o be 
deposited at the cathode; the total amount of copper sulphate 
is the same in the final as in the initial state, or the sum of the 
electrochemical reactions is zero. The chemical energy of 
the copper dissolved at the anode is added to the energy of 
the circuit as electrical energy, and an equal amount of 
electrical energy is taken from the circuit at the cathode 
and converted into chemical energy by the deposition of the 
metallic copper. For cells of this class I have elsewhere 
FIG. I. FIG. 2. 
suggested the name of a£enic, because neither electrical nor 
chemical energy is generated by conversion of one into the 
other between the terminals of the cell. Symmetry  of 
structure or appearance does not constitute lectrochemical 
symmetry. For instance, a solution of sulphuric acid con- 
taining two exactly similar platinum or carbon electrodes 
would not constitute a symmetrical cell. The passage of a 
current through such a cell, instead of producing at one 
electrode the substance consumed at the other, produces 
oxygen at one electrode and hydrogen at the other, and 
causes a continuous transformation of electrical into chem- 
cal energy. A symmetrical  electrochemical system must 
contain at the beginning a substance which is produced at 
one electrode and destroyed at the other by the electro- 
chemical action. 
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An asymmetrical  electrochemical system is one in which 
the passage of a current in one direction causes electrical 
energy to be converted into chemical energy, and the pas- 
sage of a current in the opposite direction converts chemical 
energy into electrical. 
A simple asymmetrical  cell is shown in Fig. 2, in which c 
represents a copper electrode surrounded by copper sul- 
phate, and z, a zinc electrode, surrounded by zinc sulphate, 
the two sulphates being separated by a porous partition. 
A current passing from z to c through the electrolyte dis- 
solves the zinc at z and deposits copper at c. The dissolving 
of the zinc converts its chemical energy into electrical 
energy at z, and the deposition of copper converts electrical 
energy into chemical at c. But the formation energy of the 
zinc sulphate is greater than that of the copper sulphate. 
Hence, the electrical energy added to the circuit is greater 
than the chemical energy abstracted from it, and the cell 
generates electrical energy or is electrogenic. But as this 
action proceeds, the quant i ty of the copper sulphate is con- 
t inually diminishing and will finally disappear altogether, 
while the quant i ty  of zinc sulphate is continual ly increas- 
ing, and will eventual ly entirely replace the copper sulphate. 
As the current continues, the original asymmetrical  system 
is progressively converted into a symmetrical  system, and 
eventual ly zinc will be dissolved at z and deposited at c. 
During the change in the composit ion of the cell; that is, 
during the exhaustion of copper sulphate, there is a simul- 
taneous progressive change in the potential  difference at 
the terminals of the cell. At  the beginning, when the cop. 
per sulphate is abundant,  there is an electromotive force of 
1"o 9 volts and a potential  difference of about  i volt with a 
moderate current. But if the current be maintained con. 
stant, the potential difference will fall as the copper sulphate 
diminishes, and will become zero before copper sulphate is 
entirely exhausted. During this process the zinc sulphate 
gradual ly makes its way through the porous partition by 
diffusion, convection and molecular interchange and reaches 
c, replacing the copper sulphate. 
It is this gradual reduction in the potential difference at 
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the terminals that constitutes the phenomena of polariza- 
tion in this case, and it is evidently the necessary result of 
the change in chemical composition described. The substi- 
tution of the zinc sulphate for the copper sulphate is not, 
however, the only substitut ion that takes place. Water  
being always present in such a cell, and being more easily 
decomposed than zinc sulphate, begins to transmit a part of 
the current as soon as the copper sulphate is insufficient to 
transmit the current, and by its decomposition deposits 
hydrogen instead of copper. This continues to some extent 
even when there is sufficient zinc sulphate to transmit the 
total current. 
If, however, a current be passed through the cell shown 
in F ig .  e in the opposite direction, viz., from c to x through 
the electrolytes, the copper will be dissolved at c and its 
chemical energy converted into electrical, at that point, 
while zinc will be deposited from solution at z and its 
chemical energy restored at the expense of electrical energy 
taken from the circuit at that point. As the formation 
energy of the zinc sulphate is greater than that of the 
copper sulphate, more electrical energy will be taken from 
the circuit at z in depositing the zinc than that  which is 
added to the circuit at c by the dissolving of the copper. 
Hence, there will be a counter-electromotive force tretween 
the terminals of the cell opposed to the current. If a 
constant current be maintained through the cell in this 
direction, this counter-electromotive force will be I'o 9 volts 
and the potential difference between the terminals will 
exceed this value so long as zinc sulphate is the only sub- 
stance decomposed at ,s ~. But when some of the copper sul- 
phate by diffusion, convection, molecular exchange or 
otherwise, arrives at z, it will be decomposed in preference 
to the zinc sulphate, as this requires less energy than the 
zinc sulphate for its decomposition. Only a small quant i ty  
of copper sulphate reaches ~ at first, which is sufficient to 
transmit only a small fraction of the total current, the bal- 
ance still f inding its way out of the electrolyte through 
the decomposition of the zinc sulphate. Consequently, the 
~"ounter-electromotive force and the potential difference are 
April, 19o2.] [i/ec/rochemica/ Po/ar/:atzo~t. 267, 
resultants of that due to the copper and that due to the 
zinc. This resultant potential difference and electro- 
motive force must  be less than that due to the zinc and 
greater than that due to the copper, its value varying with 
the relative quantit ies of current ransmitted by the eopper 
sulphate and by tile zinc sulphate. Hence, when copper 
sulphate first reaches z, that is, when the system first begins 
to change from an asymmetrical to a symmetrical system, 
polarization sets in and the counter-electromotive force and 
potential difference begin to fall. As the copper sulphate 
increases and the zinc diminishes at z until the copper sul- 
phate is in sufficient quant i ty to transmit he total current, 
the counter-electromotive force diminishes paripassu to zero 
and the potential difference nearly to zero. The cell has 
now been entirely changed from an asymmetrical to a sym- 
metrical system by the substitut ion of the copper sulphate 
for the zinc sulphate, or by the total exhaustion of the zinc 
sulphate as the electrolytic medium of transmission for the 
current. The fact that some zinc sulphate still remains as 
an inert body in solution does not alter the case, but merely 
proves or i l lustrates the fact that  when the zinc sulphate 
and the copper sulphate are equally accessible to the cathode 
in quantit ies ufficient to transmit the total current, the 
compound requir ing the least absorption of eleetrical energy 
will be decomposed to the total exclusion of the one requir- 
ing greater energy. 
This selective tendency of a current o be transmitted by 
a compound requiring the minimum absorption or maximum 
evolution of electrical energy in preference to other equally 
accessible compounds, has already been described before 
this Inst i tute as tile law of maximum electrogenesis. ~ The 
recognition of this law makes it evident in a convincing 
manner that in every case the phenomena of polarization 
are merely phenomena of electrochemical exhaustion as 
described above. 
Return ing to the cell shown in Fig. 2, considered in its 
initial state, when the current passes with the arrow from 
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z to c, the sys tem is evo Iv ing  electr ical  and exhaust ing  
chemica l  energy.  I t  is a ga lvan ic  bat tery  in the process  o 
d i scharg ing  and fu rn ish ing  electr ical  energy.  I t s  polar iza-  
t ion;  that  is, the exhaust ion  of the copper  su lphate ,  causes  
it to become less and less efficient as a bat tery .  I t s  electro- 
mot ive  force fal ls in t ime near ly  to zero. But  if the cur rent  
be mainta ined  by  an externa l  source a f te r  the copper  sul- 
phate  has  been  exhausted ,  water  will then  be decomposed 
and hydrogen will be depos i ted  ins tead of copper,  and zinc 
oxide will be fo rmed at z ins tead of zinc su lphate .  Th is  
will commence when the potent ia l  d i f ference fal ls to .34 
volt.  
F ina l ly  zinc and hydrogen are both  depos i ted  and  the  
cell ceases to act as a bat tery ,  both  e lectrodes be ing  now 
of zinc. But  if the or ig ina l  cur rent  is f rom c to z ins tead 
of f rom a to c, the sys tem absorbs  e lectr ica l  and  accumulates  
chemica l  energy.  I t  is an accumulator  in process  of charg-  
ing and cont inues  to act  as such unt i l  the copper  su lphate  
reaches  z. I t  then  becomes  less and less eff icient as an 
accumulator ,  unt i l  its po lar izat ion,  that  is the exhaust ion  
of its zinc su lphate ,  changes  it complete ly  to a symmetr ica l  
system,  d isso lv ing  copper  at  one e lect rode and depos i t ing  it 
at  the other.  I t  now ceases a l together  to act as an accumu-  
lator,  ceases to conver t  e lectr ica l  into chemica l  energy.  In  
o ther  words, it  becomes  an agen ie  cell, ident ica l  w i th  that  
shown in Fig. l, when the concent ra t ions  are the same.  
In  the br ie f  t ime a l lo t ted we have  been able to cons ider  
in deta i l  only a s ingle case, but  the same process  of invest i -  
gat ion  may be app l ied  to all e lec t rochemica l  sys tems with-  
out  except ion,  and in every  case the conc lus ion is the same,  
viz., that  po lar izat ion  is mere ly  the progress ive  change 
descr ibed above.  
- -A  CURIOUS ACCIDENT occurred in Boston a few days ago, resulting, it 
is stated, in considerable damage to the electrical equipment of the Boston 
Elevated Railway. A woman, evidently on a shopping tour, was carrying 
home two brass curtain rods, one of which dropped on the track at 
the Sullivan Square Terminal. It fell across the third rail and one of the 
traction rails, and short circuited the system. Considerable insulation was 
destroyed and traffic was interrupted for some time. 
